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METHODS AND APPARATUS FOR 
PROVIDING A DIRECT FREQUENCY 

HOPPING WIRELESS INTERFACE WITH A 
PERSONAL COMPUTER 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims the bene?t of US. Provi 
sional Application Serial No. 60/146,723 ?led Aug. 2, 1999 
entitled “Portable Wireless Interface Device for a Personal 
Computer”. 

FIELD OF THE INVENTION 

The present invention relates to improvements in remote 
video transfer for personal computers and other applications. 
More particularly, the invention relates to methods and 
apparatus highly suitable for providing a Wireless interface 
for a handheld or portable unit to a remote personal com 
puter. 

BACKGROUND OF THE INVENTION 

The personal computer (PC) has been one of the major 
technological innovations of the last several years. Initially, 
PCs Were available only in a desktop con?guration consist 
ing of the folloWing components: a separate display or 
monitor, such as a cathode ray tube, a separate enclosure for 
the processing electronics, various storage devices, such as 
hard disk, ?oppy disk and CD ROM, and a separate key 
board and mouse to enable user input to the PC. 

In the desktop con?guration, the PC components are 
typically arranged on a desk and are interconnected With 
cables to provide the electrical communication necessary for 
overall PC operation. Consumer demand for mobile PCs led 
to the development of laptop PCs in Which a liquid crystal 
display (LCD), processing electronics, the keyboard, mouse 
and battery are integrated into a single, portable, compact 
enclosure. The requisite technology and integration under 
lying the successful commercialiZation of the laptop PC is 
such that the cost of the laptop PC greatly eXceeds the cost 
of a comparably performing desktop PC. The consequences 
of such a cost differential are that the mobility and conve 
nience offered by laptop PCs are typically enjoyed only by 
individuals Whose businesses or employers require such 
mobility and can afford to pay the higher costs of a laptop 
compared to a desktop PC. The vast majority of home users, 
or consumers Who use a PC Within their homes for Internet 
access and for other PC applications, purchase desktop 
con?gured PCs. 

Even for those home users Who oWn and use a laptop PC, 
Internet access from any location Within or outside of a 
home user’s house typically requires connection to an Inter 
net service provider through a standard landline telephone or 
cable, or a cellular telephone netWork. Both scenarios are 
undesirable to the home user for the folloWing reasons. In 
the ?rst scenario, it is highly unlikely that a landline tele 
phone or cable port Will be conveniently available at every 
location Within and around the house from Which the home 
user may Wish to access the Internet. In the second scenario, 
the home user is forced to subscribe to cellular service, 
Which is likely to result in substantial cellular “air time” 
costs during the time the user broWses the Internet, as 
compared With a “free” local call. 

Accordingly, it Would be highly desirable and advanta 
geous to provide a Wireless, handheld, portable device for 
interfacing With a nearby personal computer, alloWing loW 
cost access to the Internet and other information services. 
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2 
SUMMARY OF THE INVENTION 

The present invention, Working in conjunction With a 
desktop personal computer (PC) provides methods and 
apparatus to provide cost effective, portable and convenient 
access to the Internet and other PC applications from any 
location Within a certain desired distance from the desktop. 
In one aspect, the present invention includes a compact 
handheld terminal Which functions as a user interface device 
and communicates via a radio link With a base station Which 
is located near and connected With a home user’s desktop 
PC. The handheld terminal contains user interface 
components, such as a ?at panel display, a pointing device, 
a stereo audio output connector, a microphone input con 
nector and an optional keyboard. In addition, the handheld 
terminal contains a compact radio subsystem Which receives 
appropriate video and stereo audio signals and transmits 
keyboard, mouse, radio channel probing and adaptive dif 
ferential pulse-code modulation (ADPCM) encoded micro 
phone signals. This subsystem includes a transmitter and a 
receiver, as Well as an antenna. A microcontroller is also 
utiliZed to control the operation of the radio transmitter and 
receiver, in an advantageous frequency hopping arrange 
ment referred to as “direct frequency modulation (FM) 
frequency-hopping” or “FM frequency-hopping”. 
The display of the handheld terminal may suitably be any 

compact ?at panel display capable of displaying video 
signals. The audio output of the handheld terminal provides 
stereo audio signals for earphones that may be Worn by the 
user, ensuring both high quality audio and privacy When 
using the handheld terminal in locations Where other people 
are present. The handheld terminal may suitably have simi 
lar dimensions and the form factor of a typical laptop PC, 
eXcept that it is of lighter Weight since it Will typically not 
have many of the additional components of a laptop, such as 
hard disk drives and ?oppy drives. 

According to one aspect of the present invention, the base 
station is connected through cables to keyboard, mouse, 
audio input, audio output and video ports of the desktop PC. 
The base station contains suitable electronic circuitry to 
alloW radio transmission of video graphics adapter (VGA) 
video and stereo audio from the desktop’s VGA and audio 
cards to the handheld terminal using the direct FM 
frequency-hopping approach, thereby ensuring high quality 
video, audio and privacy. The base station also includes a 
radio receiver for receiving and demodulating keyboard, 
mouse, radio channel probing and microphone signals trans 
mitted from the handheld terminal and a decoder to decode 
the encoded microphone signals. A microcontroller is also 
utiliZed in the base station to control the operation of the 
radio transmitter and receiver. 

According to one aspect of the present invention, the 
handheld terminal serves as a portable multimedia user 
interface device With capabilities and features Which include 
a video display consisting of an integral ?at LCD panel, 
voice input With an external or internal microphone, audio 
output With a stereo listening device, pointing device for on 
screen object selection and command, an alphanumeric 
input device such as a keyboard, access to all the features 
available at the PC, and a Wireless interface With the base 
station. 
The handheld terminal of the present invention enables 

home users to conveniently and remotely interface With their 
desktop PC While maintaining the convenience and port 
ability typical of the use of a laptop PC. The remote Wireless 
interface is enabled by the radio link betWeen the handheld 
terminal and base station Which carries the appropriate 
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video, audio, keyboard and mouse signals between the 
desktop PC and the handheld terminal. The rugged, light 
Weight handheld terminal may be easily carried around by 
the user and, if desired, may be left in any convenient 
location such as on a night table neXt to the home user’s bed 
or in the recreation room. 

These and other features, aspects and advantages of the 
invention Will be apparent to those skilled in the art from the 
following detailed description taken together With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shoWs a Wireless handheld terminal, a base station 
and a desktop PC in accordance With the present invention; 

FIG. 2 shoWs a rear vieW of a Wireless handheld terminal 
in accordance With the present invention; 

FIG. 3 illustrates a Wireless handheld terminal shoWing 
portable operation in accordance With the present invention; 

FIG. 4 shoWs a Wireless handheld terminal and a detach 
able keyboard in accordance With the present invention; 

FIGS. 5A, 5B, and 5C shoW, respectively, side, front and 
top vieWs of a Wireless handheld terminal and detachable 
keyboard in accordance With the present invention; 

FIGS. 6A and 6B shoW, respectively, perspective and side 
vieWs of a Wireless handheld terminal in accordance With the 
present invention; 

FIG. 7 shoWs a perspective vieW of a Wireless handheld 
terminal, a keyboard, and a connecting cable in accordance 
With the present invention; 

FIG. 8 shoWs a block diagram of a Wireless handheld 
terminal in accordance With the present invention; 

FIG. 9 shoWs a block diagram of a base station in 
accordance With the present invention; 

FIG. 10 shoWs a list of signals used in communication 
betWeen a personal computer and a base station in accor 
dance With the present invention; and 

FIG. 11 shoWs a method of communicating betWeen a 
base station and a handheld terminal in accordance With the 
present invention. 

DETAILED DESCRIPTION 

The present invention Will noW be described more fully 
With reference to the accompanying draWings, in Which 
several currently preferred embodiments of the invention are 
shoWn. HoWever, this invention may be embodied in various 
forms and should not be construed as limited to the eXem 
plary embodiments set forth herein. Rather, these represen 
tative embodiments are described in detail so that this 
disclosure Will be thorough and complete, and Will fully 
convey the scope, structure, operation, functionality, and 
potential of applicability of the invention to those skilled in 
the art. 

FIG. 1 shoWs a Wireless handheld terminal 10, a base 
station 20 and a personal computer (PC) 30 Which together 
form a system 100 in accordance With the present invention. 
As Will be described in greater detail beloW, the handheld 
terminal 10 provides a portable interface to the PC 30 
utiliZing a radio communications link 12 With the base 
station 20. The PC 30 may be suitably connected to a 
netWork 31, such as the Internet. Additionally, the PC 30 
may be located in a remote location, such as a closet. While 
in a preferred embodiment, the base station 20 is disclosed 
as an eXternal device connected to PC 30, one skilled in the 
art Would appreciate that the base station 20 of the present 
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4 
invention may also be integrated into the PC 30, provided on 
an adapter card suitable for inserting into a PC expansion 
slot, or attached to the PC 30 in other suitable Ways. 

FIG. 2 shoWs a rear vieW of the Wireless handheld 
terminal 10 in accordance With the present invention. Refer 
ring to FIGS. 1 and 2, the handheld terminal 10 includes a 
?at panel display 14, such as a thin ?lm transistor LCD 
display, and a cursor pointing device 16 Which may suitably 
consist of a trackball, a touch pad, or similar device. 
Associated With the cursor pointing device 16 are a left 
button 18 and a right button 22. The terminal 10 also 
includes a headphone output port 24, a microphone input 
port 26, a poWer source port 28, a keyboard port 32, and a 
compact antenna 34. An on and off sWitch 36 controls the 
poWer for the handheld terminal 10 Which Will preferably be 
provided by a battery not shoWn. In an alternative 
embodiment, the sWitch 36 also remotely controls the poWer 
for the desktop PC 30 by transmitting appropriate control 
signals through the base station 20. Metallic conductors 38 
are located on a bottom edge of the terminal 10. A compo 
nent storage volume in body 44, as described further beloW, 
provides space for electronic components included in the 
terminal 10. As seen in FIGS. 1, 5A and 5B, grooves 40 and 
42 are located on opposing sides of the terminal 10. 

Referring again to FIG. 1, the base station 20 connects the 
PC 30 to a desktop PC monitor or display 46, a desktop 
keyboard 48, a desktop PC mouse 50, desktop PC stereo 
speakers 52, and a desktop microphone 54. The base station 
unit 20 includes connector ports 56, 58, 60, 62 and 64 
connected, respectively, to the monitor 46, the keyboard 48, 
the mouse 50, the speakers 52, and the desktop microphone 
54. The base unit 20 also includes connectors 66, 68, 70, 72 
and 74 Which connect to a desktop PC VGA video port 76, 
a mouse port 78, a keyboard port 80, a stereo audio output 
port 82, and a microphone input port 84, respectively, 
located in the back panel of PC 30. A compact antenna 86 
is utiliZed for transmitting and receiving radio signals. An on 
and off sWitch 88 controls poWer for the base unit 20. Further 
details of the base station 20 are provided beloW. 

FIG. 3 illustrates a Wireless handheld terminal shoWing 
portable operation in accordance With the present invention, 
and shoWs its ease of use and high degree of portability. The 
cursor pointing device 16, the left button 18 and the right 
button 22 are preferably located on the sides of the handheld 
terminal 10 to enable easy manipulation and operation by a 
user Without the need for a desktop or other support for the 
terminal 10. Auser can easily hold and operate the handheld 
terminal 10 for broWsing the Internet or performing other 
tasks as shoWn in FIG. 3. The user’s hands grasp the left and 
right sides of the handheld terminal 10. Held in this manner, 
the user’s right thumb can readily operate the cursor point 
ing device 10 and the right mouse button 22. At the same 
time, the user’s left thumb can easily operate the left mouse 
button 18. 

As shoWn in FIGS. 4—7, the handheld terminal 10 may be 
used With an optional small keyboard 90. The keyboard 90 
alloWs the user to enter keyboard-based commands as 
needed for e-mail, Word processing and other PC based 
softWare applications. 

In an embodiment of the handheld terminal 10 shoWn in 
FIGS. 4, 5A, 5B, and 5C, a bottom edge of the handheld 
terminal 10 is inserted and locks into an opening 92 at the 
rear of the keyboard 90, presenting the user With a laptop 
like con?guration for vieWing the display 14 While typing at 
the keyboard 90. When the handheld terminal 10 and 
keyboard 90 are so engaged, electrical contact is made 



US 6,748,005 B1 
5 

between metallic conductors 38 on the bottom edge of the 
handheld terminal 10 and spring loaded conductors 94, 
shoWn in FIG. 5C, disposed in the opening 92. This con 
nection alloWs the keyboard signals to be provided to the 
appropriate electronics Within the terminal 10. The optional 
keyboard 90 may be conveniently stored on and operated in 
conjunction With the handheld terminal 10 in a variety of 
Ways that enable convenient, integrated portability of both 
the keyboard 90 and the handheld terminal 10. As shoWn in 
FIG. 5A, the keyboard 90 slides doWn onto the top of the 
handheld terminal 10, With keyboard ?anges 96 and 98, 
shoWn in FIG. 4, sliding onto the grooves 40 and 42, 
respectively. 

In an alternative embodiment shoWn in FIGS. 6A and 6B, 
the handheld terminal 10 includes female hinges 102 dis 
posed on the bottom edge of terminal 10. The female hinges 
102 are adapted to engage male hinges 104 of the keyboard 
90, alloWing metallic conductors 38 of the terminal 10 to 
contact conductors 94 of the keyboard 90 such that the 
keyboard signals are transmitted to the terminal 10. The 
hinges 102 and 104 advantageously alloW the keyboard 22 
to rotatably close to protectively cover the display 14 When 
not in use. 

In some situations, the user may not Want to physically 
connect the handheld terminal 10 and the keyboard 90. The 
user may Want to use the keyboard 90 positioned adjacent to 
the terminal 10. For such a situation, as shoWn in FIG. 7, the 
handheld terminal 10 may be suitably connected to the 
keyboard 90 With a standard keyboard cable 106. One end 
of keyboard cable 106 is inserted into the keyboard port 32. 
This alloWs a user the freedom to place the handheld 
terminal 10 in a variety of positions While the keyboard 90 
is immediately in front of the user. When not in use, the 
cable 106 may be stored in a slot on the bottom of keyboard 
90, and thus kept out of the Way. 
An eXternal microphone may be connected through 

microphone port 26 to provide voice commands to the 
desktop PC 30 and for other audio input. Alternatively, an 
internal microphone may be utiliZed. Signi?cantly, the hand 
held terminal 10 is readily usable for access to Internet 
telephony, and thus With the inclusion of the microphone, a 
headphone or other audio output device, the handheld ter 
minal 10 can be used as a cordless Internet voice telephone. 
Additionally, the handheld terminal can receive video to 
function as a video telephone. 

FIG. 8 shoWs a block diagram of the handheld terminal 10 
in accordance With the present invention. A video-audio 
receiver and demodulator 110, a data radio modem 112, an 
adaptive differential pulse-code modulation (ADPCM) 
voice encoder 114, and a battery poWer source 116 may be 
suitably housed Within the thicker portion of the body 44 on 
the rear of the handheld terminal 10. An antenna coupler 118 
connects the compact antenna 34 to the data radio modem 
112 and the video-audio receiver and demodulator 110. The 
video-audio receiver and demodulator 110 is further con 
nected to the display 14, the headphone output port 24, and 
a microcontroller 120. The data radio modem 112 is further 
connected to the microcontroller 120, the encoder 114, the 
optional keyboard 90 Where utiliZed, and the cursor pointing 
device 16. A headphone 122 is connected to the port 24. A 
microphone 124 is connected to the microphone port 26. 

The antenna coupler 118 contains the circuitry to electri 
cally match the antenna 34 to the video-audio receiver and 
demodulator 110 and the data modem 112. The antenna 18 
may be of stick or patch design to make it radiation efficient 
and aesthetic in appearance. 
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6 
The video displayed on the display 14 replicates the video 

Which Would be displayed by the local PC monitor 46 if the 
terminal Were not in use and the user Was utiliZing the PC 30. 
Inputs to the display 14 from the video-audio receiver and 
demodulator 110 include red, green, and blue video signals 
as Well as vertical and horiZontal synchroniZation, or sync, 
signals Which are transmitted from the base station 20 in a 
manner described beloW. The video-audio receiver and 
demodulator 110 receives and demodulates the video and 
audio information sent from the base station 20. In a 
preferred embodiment, the receiver and demodulator 110 
converts three RF signals received from the base station 20 
into red, blue and green signals transmitted to the display 14 
and to the left and right audio channel signals transmitted to 
the headphone output port 24. 
The encoder 114 is preferably a loW bit rate voice grade 

coder and decoder, such as ADPCM. The encoder 114, in 
conjunction With the data modem 112 and the microphone 
124, provides a voice channel for audio transmission to the 
base station 20. The encoder 114 converts the voice analog 
signal received from microphone port 26 to a digital signal 
Which is then transmitted through the FM frequency-hopped 
RF data sync modem 112 to the base station 20. 
The pointing device 16, along With the associated buttons 

18 and 22, give the user the pointing and selecting capability 
for objects on the screen. The pointing device 16 receives a 
clock input and utiliZes a bidirectional data bus for serial 
data communication through the data modem 112 as 
described beloW. 
The optional keyboard 90 enables a user to enter teXt 

inputs and commands While using the handheld terminal 10. 
The keyboard 90 also communicates With the data modem 
112 utiliZing synchronous data and clock lines. The data 
modem 112 provides the communication link for the key 
board 90 to the base station 20 and through the base station 
20 to PC 30. 

The data modem 112 operates in a frequency division 
multiplexing (FDM) mode and preferably uses the direct FM 
frequency-hopping approach described beloW. The data 
modem 112 provides the communication link to the base 
station 20 for the pointing device 16 and the keyboard 90, as 
Well as receiving synchroniZation signals for the video 
display 14. Coded voice data from the output of the voice 
encoder 114 and a knoWn sequence generated by the micro 
controller 120 for channel assessment are also transmitted 
via the data modem 112. The data modem 112 also receives 
frequency hop information from the base station 20, Which 
is then translated to a hop command by the microcontroller 
120. 
The microcontroller 120 controls the hopping frequencies 

for the radio modem 112. The microcontroller 120 also 
initiates a turn-on process, as described beloW. Immediately 
after turn on, the data modem 112, controlled by the micro 
controller 120, sends a signal to the base station 20 on a 
random preselected carrier and begins hopping With a hop 
frequency. The microcontroller 120 also generates a knoWn 
bit stream used for the channel assessment. 

The poWer source 116 includes a rechargeable battery and 
poWer management circuitry to shut doWn unnecessary parts 
of the electronics utiliZed in portable terminal I during 
standby or When not in use. As in any portable battery 
operated device, battery lifetime is an important parameter. 
The poWer management circuitry of the poWer source 116 
minimiZes the average poWer drain and supplies a constant 
voltage during the entire charge life of the battery. 

Referring to FIGS. 1 and 9, the base station unit 20 
includes a video and stereo audio modulator and transmitter 
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126, a data radio modem 128, an electronic device 130 for 
inserting stereo audio subcarriers, a loW bit rate voice 
decoder 132, and a poWer supply 134. An antenna coupler 
136 connects the antenna 86 to the modulator 126 and the 
radio modem 128. Amicrocontroller 138 is connected to the 
radio modem 128 and the modulator 126. The radio modem 
128 and the insertion device 130 are connected through a 
port and connecting cable to a video card 140 of the PC 30. 
An audio card 142 of the PC 30 is also connected through 
a port and connecting cable to the device 130 and the 
decoder 132. Keyboard and mouse ports of the PC 30 are 
connected through cables to corresponding connection ports 
for the radio modem 128. The antenna coupler 136 provides 
a summing function for all the RF outputs to the antenna 86 
and a reverse path from the antenna 86 to the data modem 
128. 
When the handheld terminal 10 is not turned on, the base 

station 20 provides direct electrical connection of the desk 
top PC 30, including the monitor 46, the keyboard 48, the 
mouse 50, the multimedia speakers 52 and microphone 54, 
to the appropriate connectors on the back of PC unit 30, thus 
alloWing normal desktop operation. When both the desktop 
PC 30 and the handheld terminal 10 are on, the user of the 
handheld terminal 10 is able to remotely interface With the 
desktop PC 30. The home user has the option of remotely 
shutting doWn the desktop PC 30 and putting the base station 
20 into sleep mode utiliZing a softWare shutdoWn command 
transmitted from the handheld terminal 10. 
As described above, the primary function of the base 

station 20 is to access certain user interface information 
from the desktop PC 30 and communicate this to the remote 
handheld terminal 10 While simultaneously receiving certain 
user interface information from the handheld terminal 10 
and communicating this information to the desktop PC 30. 
The base station 20 accesses and provides the requisite 
information by interfacing With the desktop PC 30 through 
its normal audio, video, keyboard and mouse ports. 

Referring again to FIG. 9, the insertion device 130 uses a 
frequency division multipleX technique to insert left and 
right audio channels on a sub-carrier frequency Which Will 
be transmitted With tWo of the three video signals via the 
FM, frequency-hopped RF video and audio modulator 126. 
The device 130 receives video signals and audio channels 
from the video card 140 and the audio card 142, respectively, 
Which are both contained in the PC 30. 

Encoded voice signals are transmitted to base station 20 
by the terminal 10 and received by the data modem 128. The 
loW rate voice grade coder and decoder 132, utiliZing a 
technique such as ADPCM, decodes the encoded voice 
signals received from the data modem 128. The decoded 
voice signals are then provided to the audio card 142. 

The video and audio modulator 126 comprises three 
analog direct FM, frequency-hopped modulators Which 
enable a simple, loW cost and effective means of transmitting 
the video and audio signals from the desktop PC 30 to the 
handheld terminal 10. The video and audio modulator 126 
provides a radio link Which utiliZes loW transmission poWer 
and Which is both secure and robust, transmitting the video 
signal over three frequency hopped channels, as described 
beloW. 

Increasing bandWidth at a given information rate 
decreases the poWer requirement. This means that loW 
poWer, Wide bandWidth video transmission necessitates 
increasing the transmission bandWidth by spreading the 
carrier energy. To achieve this end Without the need for an 
expensive video encoder and encoder, the present invention 
preferably utiliZes three complementary techniques. 
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First, separate channels are used to transmit the red, blue, 

and green video signals provided by the PC VGA card 140. 
Each of these signals is separately frequency modulated onto 
a different carrier so that their individual modulated spectra 
do not overlap. This separate carrier approach provides three 
times as much bandWidth for the video signal since video 
information is contained in all three channels. 

Second, using three channels requires relatively little FM 
deviation for each carrier. For eXample, While a deviation 
ratio of 1:5 is typical for commercial FM broadcasting, the 
present invention attains substantially smaller deviation 
ratios, even ratios approaching 1:1, by sending 1/3 of the 
video information over separate channels. Such a deviation 
ratio alloWs the bandWidth of the individually modulated 
spectra to be about 5 MHZ or less. Such a value is less than 
the coherence bandWidth of a typical in-house or in-building 
radio channel. Thus, potential fading of the individual spec 
tra is ?at rather than frequency selective. The transmission 
arrangement is inherently robust since it sends 1/3 of the 
video information through separate frequency channels 
Which are intelligently hopped in frequency to ensure high 
?delity video transmission to the handheld terminal 10. 

Third, intelligent frequency hopping is achieved by using 
the data modem 12 in the handheld terminal 10 to send 
knoWn bits through the radio channel. The transmitted bits 
alloW base station microcontroller 138 to determine the 
transmission quality of the channel at particular frequencies 
in either the 2.4 GHZ or 5 GHZ bands. This determination 
alloWs an adaptive and intelligent selection of the FM carrier 
hop frequencies for each of the three video signals to avoid 
non-favorable channel conditions, such as ?at fading, eXces 
sive loss, and interference. 

This radio technique satis?es the loW poWer requirements 
as Well as those of robustness and security of radio trans 
mission through diversity, hopping, and channel condition 
evaluation. These advantageous techniques, in conjunction 
With direct FM modulation, are preferably utiliZed for their 
simplicity, loW cost, loW distortion, and as not requiring an 
up-banding miXer or a video encoder and decoder. 

The video and audio modulator 126 preferably comprises 
three electronically tunable oscillators (VCOs) and three 
phase locked loops (PLLs) to determine the three carrier 
frequencies. The PLL carrier frequencies are set by a digital 
control signal from the microcontroller 138, Which generates 
the hop command. This signal sets the carrier frequencies of 
the tunable oscillators to frequencies in the desired trans 
mission band, such as 2.4 GHZ or 5 GHZ. Once the hop 
command is completed, the VCO carrier control voltages 
supplied by the PLLs enter an interlock state until the neXt 
frequency hop. The modulation voltages are then applied as 
secondary control voltages to the VCOs. The time at Which 
hopping occurs for the video modulators is set to occur 
during With the vertical-blanking interval When the video 
information is not sent. 

The data channel radio modem 128 is a frequency 
division, dupleX radio that enables tWo Way data communi 
cation. The data channel radio modem 76 packs the data into 
a quasi-time division multiplexing (TDM) frame to accom 
modate transmission of certain required information from 
the base station 20 to the handheld terminal 10, referred to 
as the “forWard link”, and from the handheld terminal 10 to 
the base station 20, referred to as the “reverse link”. Quasi 
TDM describes a technique Whereby some data can be sent 
through the data modem Without being digitiZed. For 
eXample, video synchroniZation pulses, Which are not digi 
tiZed data, are inserted With an amplitude compatible With 
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the rest of the data. Both the forward link and the reverse 
link channels utilize a bandwidth as low as 100 kHz. On the 
forward link, the base station data modem 128 transmits the 
following information to the handheld terminal data modem 
112 on a forward link carrier: video vertical synchronization, 
video horizontal synchronization, monaural audio output 
from the desktop PC 30, data required by the optional 
keyboard 90, data required by the mouse 16, synchroniza 
tion signals for keyboard 90 and mouse 16, and frequency 
hop data. 
On the reverse link, the data modem 112 within the 

handheld terminal 10 transmits the following information to 
the base station data modem 128 on a reverse link carrier 
frequency: voice data as encoded by low rate encoder 132, 
data for keyboard 90, data for mouse 16, and channel pilot 
and probing data. 

For proper display, the video synchronization is sent in 
real time, establishing a superframe, the interval between 
two consecutive vertical sync pulses, having a duration of 
about 16 milliseconds, with sub-frames established by the 
horizontal sync pulses. Voice, keyboard, mouse, and pilot 
data are then packetized and assembled in a sub-frame 
structure. The data modem 112 includes necessary logic to 
assemble and disassemble the transmission frames. Like the 
video and audio modem 126, the data modems 112 and 128 
also use the novel FM frequency-hopped technique. 

The base station microcontroller 138 assigns the hopping 
frequencies utilized by the base station 20 and the handheld 
terminal 10, as described below. The data modem 128, 
controlled by the microcontroller 138, hops with a hop 
frequency at an integer fraction of the horizontal frequency, 
preserving uninterrupted delivery of the video synchroniza 
tion to the handheld terminal. Either of the duplex data 
modem carriers are set within the allowed band of operation, 
excluding the portions occupied by the video and audio 
modem and with appropriate guard bands for acceptable 
adjacent channel interference. Since the data modem 128 
requires less bandwidth than the video and audio modem 
126, the data modem 128 sweeps the remaining available 
band many times between two consecutive vertical sync 
pulses. During these sweeps, the base station microcontrol 
ler 138 determines the next location for the video and audio 
channel carriers by comparing the received channel pilot 
data with the known pilot data transmitted over the reverse 
link by the handheld terminal 10. This comparison enables 
a quantitative assessment of the channel transmission quality 
to be made and, hence provides a means for determining the 
next frequency hop for the FM carriers. This determined 
frequency hop information is sent to the video and audio 
modulator 126 in the base station 20 and to the handheld 
terminal 10 via the forward link data channel. The video and 
audio modulator 126 and the corresponding receivers in the 
handheld terminal 10 will then hop to the newly assigned 
frequencies during the next vertical blanking period. 

FIG. 10 shows a signal connection table 145 having 
columns 146, 147 and 148. Column 146 includes an abbre 
viated signal connection name, RED, GRN, BLU, RGND, 
GGND, BGND, SGND, HSYNC, VSYNC, MDAT, GND, 
MCLK, KBDAT, KGND, KCLK, AUDL, AUDR and MIC, 
for each of the signals ?owing between PC 30 and base 
station 20 in a presently preferred embodiment of the 
invention. Descriptions of these signals are found in column 
147 of table 145, and the signal ?ow direction is indicated 
in column 148 of table 145 where a right arrow indicates 
?ow from PC 30 to base station 20, a left arrow indicates 
?ow from base station 20 to PC 30, and a diamond indicates 
How in both directions. 
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FIG. 11 shows a method 150 of communicating between 

a base station, such as base station 20, and a handheld 
terminal, such as handheld terminal 10, in accordance with 
the present invention. The method 150 utilizes ?ve FM 
frequency hopped communication channels, including three 
one-way video and audio communication channels from the 
base station to the terminal, a base station to terminal control 
channel, and a terminal to base station control channel. Each 
video and audio channel may suitably include a 5 MHz 
bandwidth and each control channel may suitably include a 
1 MHz bandwidth. It will be recognized other bandwidths 
may be employed for these channels. Further, while method 
150 will be described in terms of a system comprising 80 1 
MHz channels and operating at 2.4 GHz or 5 GHz, other 
channel combinations and operating regions may also be 
employed without departing from the spirit of the present 
invention. 

In a ?rst step 152, the base station waits for a request to 
send (RTS) signal from the handheld terminal. During this 
step, no signal is transmitted from the base station to the 
handheld terminal on the three audio and video channels. A 
base station data radio modem, such as data radio modem 
128, is hopping through the 80 1 MHz channels, listening for 
an RTS signal. The data radio modem also catalogs groups 
of ?ve adjacent 1 MHz channels that are not in use by 
another device. These groups of ?ve adjacent 1 MHz chan 
nels may be employed as a 5 MHz bandwidth video and 
audio channel. 

In step 154, a user turns the handheld terminal on or 
attempts to use the terminal, and the handheld terminal 
transmits two RTS signals on a random channel. In step 156, 
the base station receives at least one of the RTS signals. The 
base station radio modem then transmits an echoed RTS 
signal and a clear to send (CTS) signal to the handheld 
terminal. In step 158, the handheld terminal uses the echoed 
RTS signal to assess the channel quality and sends an 
acknowledgement (AQ) signal to the base station. In step 
160, the base station receives the AQ signal and sends 
information about the clear channel to the terminal. Next, in 
step 162, the handheld unit receives the channel information 
and sends to the base station an AQ signal and the next data 
channel it will hop to. In step 164, the terminal and the base 
station test the remaining channels until all clear channels 
have been assessed. 
The base station catalogs all of the good groups of ?ve 

consecutive channels and transmits this information to the 
terminal. Next, in step 166, the terminal determines three 
video and audio channel center frequencies to be used for 
communication and transmits this information to the base 
station, along with the next data channel to be hopped to. In 
step 166, the terminal also tunes a video and audio 
demodulator, such as video-audio demodulator 112, to the 
three center frequencies in preparation of receiving a trans 
mission from the base station. In step 168, the base station 
receives the three center frequencies, tunes a video-audio 
modulator, such as video-audio modulator 126, to the three 
groups of ?ve channels corresponding to the three center 
frequencies, and begins transmission of the video and audio 
signals. The base station also hops to the next data channel 
indicated by the terminal. In step 170, the handheld terminal 
receives the video and audio signals. 
The handheld terminal is now ready to be used by the user. 

In step 172, the handheld terminal continues to assess the 65 
remaining channels not currently used by the video and 
audio signals, transmitting to the base station the next 
frequency to hop to. The handheld terminal periodically 
determines new center frequencies to hop to and transmits 
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this information to the base station. This hopping of the 
video and audio signals occurs at most every video frame, or 
once every 1/60 of a second. The modulator and demodulator 
tune to the neW center frequencies during the blanking 
interval of the video signal. 

The foregoing discussion discloses and describes exem 
plary methods and embodiments of the present invention. As 
Will be understood by those familiar With the art, the 
invention may be embodied in other speci?c forms Without 
departing from the spirit or essential characteristics thereof. 
By Way of example, although a presently preferred loW cost 
portable terminal is described herein, it Will be recogniZed 
that the communication system of the present invention 
could be built into an otherWise standard laptop alloWing it 
to remotely connect With a desktop connected to a telephone 
line or the like. Similarly, the communication system can be 
employed to netWork multiple PCs to a server connected to 
a highspeed data link. Accordingly, the disclosure of the 
present invention is intended to be illustrative, but not 
limiting, of the scope of the invention, Which is set forth in 
the folloWing claims. 
We claim: 
1. Abase station for providing a frequency hopped radio 

frequency (RF) communication link betWeen a ?xed unit 
producing a video signal and a remote terminal, the base 
station comprising: 

apparatus for connecting to the ?xed unit and receiving 
the video signal produced by the ?xed unit; and 

communication circuitry for communicating With the 
remote terminal using the frequency hopped RF com 
munication link such that When the remote terminal is 
in an active state the video signal produced by the ?xed 
unit is transmitted to the remote terminal utiliZing the 
RF communication link, the video signal comprising a 
red color signal, a green color signal and a blue color 
signal, the communication circuitry adapted to transmit 
the red color signal on a ?rst frequency, the green color 
signal on a second frequency and the blue color signal 
on a third frequency, said communication circuitry 
transmitting to the remote terminal video synchroniZa 
tion signals on a fourth frequency different from the 
?rst frequency, the second frequency and the third 
frequency. 

2. The base station of claim 1 Wherein the communication 
circuitry is further adapted to perform the frequency hop 
during a blanking interval of the video signal. 

3. The base station of claim 1 Wherein the communication 
circuitry is further adapted to: 

transmit terminal control data to the terminal on a forWard 
link; and 

receive base station control data from the terminal on a 
reverse link. 

4. The base station of claim 1 Wherein the base station 
further comprises: 

a processor for: 
assessing channel quality of a predetermined number of 

frequencies; and 
selecting frequencies used to transmit the video signal 

based on the assessed channel quality of the prede 
termined number of frequencies. 

5. The base station of claim 4 Wherein the processor 
controls frequency hopping of the communication circuitry 
among a predetermined number of frequency channels. 

6. The base station of claim 1 Wherein the ?xed unit is a 
personal computer (PC) and the base station further com 
prises: 
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a port for connecting to an audio output port of the PC and 

receiving an audio signal produced by the PC; and 
the communication circuitry is further adapted for trans 

mitting the audio signal to the remote terminal using 
the RF communication link. 

7. The base station of claim 6 Wherein the audio signal 
comprises a left audio signal and a right audio signal, and the 
left audio signal is transmitted on sub-carrier frequencies of 
one of the ?rst frequency, the second frequency, and the third 
frequency along With a ?rst corresponding color signal, and 
the right audio signal is transmitted on sub-carrier frequen 
cies of a different one of the ?rst frequency, the second 
frequency, and the third frequency along With a second 
corresponding color signal. 

8. The base station of claim 1 Wherein the base station is 
disposed Within the ?xed unit. 

9. The base station of claim 1 Wherein said communica 
tion circuitry receives from the remote terminal user inter 
face signals on a ?fth frequency. 

10. The base station of claim 1 Wherein the communica 
tion circuitry transmits frequency hopping data on the fourth 
frequency. 

11. The base station of claim 10 Wherein the frequency 
hopping data is digitiZed data and the video synchroniZation 
signals are not digitiZed. 

12. A lightWeight, portable terminal for communicating 
With a base station to remotely access a ?xed unit producing 
a video signal, the terminal comprising: 

communication circuitry for communicating With the base 
station utiliZing a frequency hopped radio frequency 
(RF) communication link; 

a video display for displaying the video signal produce by 
the ?xed unit and transmitted to the terminal utiliZing 
the frequency hopped RF communication link; and 

Wherein the frequency hopped RF communication link 
comprises a predetermined number of frequency chan 
nels for carrying video synchroniZation signals and 
three color video signals With the video synchroniZa 
tion signals being carried by one of the predetermined 
number of frequency channels, and With each of the 
three color video signals being carried by one of the 
predetermined number of frequency channels and 
Wherein the video synchroniZation signals are trans 
mitted on a frequency channel not transmitting the 
color video signals. 

13. The terminal of claim 12 Wherein the terminal is 
adapted to be held by a user of the terminal. 

14. The terminal of claim 12 Wherein the terminal 
includes a cursor pointing device disposed on the terminal so 
as to alloW ease of manipulation by a user holding the 
terminal. 

15. The terminal of claim 12 Wherein the terminal 
includes a left cursor button and a right cursor button, both 
the left button and the right button located on the terminal so 
as to alloW ease of manipulation by a user holding the 
terminal. 

16. The terminal of claim 12 further comprising a key 
board. 

17. The terminal of claim 16 Wherein the terminal 
includes grooves and the keyboard includes ?anges, the 
grooves and ?anges alloWing the keyboard to be attached to 
the terminal for ease of storage. 

18. The terminal of claim 12 Wherein the three color video 
signals are frequency hopped among the predetermined 
number of frequency channels. 

19. The terminal of claim 12 Wherein the communication 
circuitry further comprises: 
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a processor for establishing a forward link signal for 
receiving data from the base station to the terminal, for 
establishing a reverse link signal for transmitting data 
from the terminal to the base station, and for controlling 
frequency hopping of the forWard link and the reverse 
link among the predetermined number of frequency 
channels. 

20. The terminal of claim 12 Wherein the frequency 
hopped RF communication link further carries user interface 
signals from the terminal on one of the predetermined 
number of frequency channels. 

21. A system for providing remote access to a personal 
computer, the personal computer including a main process 
ing unit, a video display and audio speakers, comprising: 

a base station for connecting to the personal computer and 
communicating over a frequency hopped radio fre 
quency (RF) communication link comprising a prede 
terrnined number of frequency channels; and 

a remote terminal comprising a video display panel and 
user input devices, the terminal adapted to remotely 
interface With the base station using the frequency 
hopped RF communication link; 

Wherein When the remote terminal is in an active state the 
base station is adapted to route to the remote terminal 
a video signal produced by the main processing unit 
With the video signal being transmitted to the remote 
terminal utiliZing the RF communication link, the video 
signal comprising a video synchroniZation signal, a red 
color signal, a green color signal and a blue color 
signal, the video synchroniZation signal and each of the 
color signals assigned to one of the predetermined 
number of frequency channels and Wherein the video 
synchroniZation signal is transmitted on a frequency 
channel not transmitting the color signals. 

22. A frequency hopped method of radio transmission of 
video signals comprising the steps of: 

determining a ?rst group of video transrnission channel 
frequencies; 

transmitting a video signal frequency rnodulated onto the 
?rst group of video channel frequencies, the video 
signal comprises a red color signal, a blue color signal 
and a green color signal, each of the color signals 
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carried by one of the ?rst group of video transrnission 
channel frequencies; 

transrnitting video synchroniZation signals on one of the 
?rst group of video transrnission channel frequencies 
not carrying the color signals; 

determining a second group of video transrnission channel 
frequencies; 

transmitting the video signal frequency rnodulated onto 
the second group of video channel frequencies, each of 
the color signals carried by one of the second group of 
video transrnission channel frequencies; and 

transmitting video synchroniZation signals on one of the 
second group of video transrnission channel frequen 
cies not carrying e color signals. 

23. The method of claim 22 Wherein the ?rst group of 
channel frequencies and the second group of channel fre 
quencies are selected from a predetermined number of 
channel frequencies available for communication by trans 
rnitting a knoWn data sequence over each of the available 
channel frequencies and assessing each of the available 
channel frequencies based upon a comparison of a received 
data sequence With the knoWn data sequence. 

24. The method of claim 22 Wherein the step of ?rst 
transmitting a video signal includes the sub-step of: 

transmitting an audio signal frequency rnodulated onto a 
sub-carrier frequency of one of the ?rst group of video 
channel frequencies. 

25. The method of claim 24 Wherein the audio signal 
comprises a left audio signal and a right audio signal, and the 
left audio signal and the right audio signal frequency are 
modulated onto tWo of the three video channel frequencies 
carrying the color signals. 

26. The method of claim 22 Wherein the ?rst group and 
the second group of video channel frequencies are selected 
from a predetermined plurality of channel frequencies. 

27. The method of claim 26 Wherein the step of deter 
mining a ?rst group further comprises: 

assessing the predetermined plurality of channel frequen 
cies to determine transrnission quality of the channel 
frequencies. 


